Background: Central venous catheters (CVCs) are frequently used for monitoring haemodynamic status and rapidly delivering fluid therapy during the peri-and postoperative periods. Indwelling CVCs are typically used 7-14 days postoperatively for additional monitoring and treatment, but patients may develop asymptomatic catheter-related thrombosis, leading to life-threatening pulmonary embolism and death. Early detection helps to avoid such complications. Methods: This prospective observational study investigated the risk factors associated with catheter-related right internal jugular vein thrombosis in patients undergoing chest surgery. The study enrolled 24 patients who were scheduled to receive chest surgeries during which catheters were needed. To detect thrombus formation, Doppler ultrasound examinations from the thyroid cartilage level to the supraclavicular region were used after CVC placement and on each of the following days until the catheter was removed. Results: No thrombosis was found in patients before surgery, but it appeared in 75% (18/24) after surgery. The risks of thrombosis increased with a longer duration of anaesthesia, greater amounts of bleeding, and use of postoperative ventilator support. Conclusions: Earlier catheter removal may reduce the risk of catheter-related thrombosis and avoid possibly fatal complications after catheter-related thrombosis.
longer-term placement of catheters and include infections, mechanical complications such as equipment failure or migration, and venous thrombosis or stenosis. 1 Indwelling catheters are typically used for 7-14 days postoperatively for monitoring and treatment, but their utility is tempered by patients' asymptomatic development of CVC-related thrombosis, which can lead to pulmonary embolism and mortality. A study in 1995 found an unexpectedly elevated rate of deep vein thrombosis (DVT) in patients who had received a CVC in a medical ICU; the authors recommended regular ultrasound surveillance, possibly with increased prophylaxis (e.g. anticoagulation therapy). 4 This relatively short-term study did not find an association between the duration of hospitalization and the detection of venous thromboembolism, but, over time, physicians' greater attention to the possibility of embolism formation has resulted in increased patient monitoring. A case report from 2012 regarding a 76-year-old woman with a CVC via the internal jugular vein reported that the patient's position during surgery (i.e. supine with a slightly flexed neck position) and the presence of the catheter caused lower venous blood flow velocity that probably contributed to the thrombus formation. 5 On the basis of our clinical experiences and findings such as those in the case report just cited, we wondered if our patients who are not ambulatory also have an increased risk for venous thromboembolism. Accordingly, the purpose of this study was to evaluate the incidence, onset time, and related risk factors for perioperative catheter-related right internal jugular vein thrombosis in patients undergoing chest surgery.
Methods
This prospective observational study enrolled 24 patients who were scheduled to receive major chest surgeries and for whom CVCs were needed. Patients were included in the study if they met the following criteria: male and female patients who were 20-80 years old and whose physiological functions were between grades 1 and 3 (ASA class I-III according to the American Medical Association anaesthetist preoperative evaluation) and patients who received thoracic surgery and were expected to accept CVC placement at the Taipei Veterans General Hospital. Exclusion criteria for the study were the following: patients who had skin infections on the right side of the neck, making them unsuitable for placement of the catheter via the right side of the neck; patients who had blood coagulation lesions or bleeding tendencies; patients with thrombocytopenia; patients with a history of right internal jugular vein thrombosis; and patients who presented right internal jugular vein thrombosis or stenosis on preoperative Doppler ultrasound examination. The major outcome was catheter-associated thrombosis.
This study was approved by the Institutional Review Board of Taipei Veterans General Hospital (VGHIRB approval number 2013-02-026B) and all patients provided written informed consent. Patient characteristics, including surgery-related information, are presented in Table 1 . Upon assignment to the study, each patient received an ultrasound examination of the internal jugular vein.
Procedures
At the outset of the study, patients met with investigators who explained the study and risks, along with an overview of the goals. At this time, patients provided informed consent. Before surgery, patients underwent Doppler ultrasound examinations of the neck from the thyroid cartilage level to the supraclavicular region. Patients were instructed to lie flat, with the head facing left. The anaesthetist placed the ultrasound probe (GE Healthcare, Chicago, IL, USA) flat on the centre of the right side of the patient's neck for non-invasive examination of the patient's right internal jugular vein beginning from the plane of the thyroid cartilage level and continuing to above the clavicle. This ultrasound examination surveyed the entire jugular vein, including the intended skin puncture site. Data from the scan enabled researchers to calculate the anteroposterior and lateral diameter of the vein (D ap and D lat , respectively) and to determine the crosssectional area of the jugular vein ([D ap Â D lat Â p]/4) at the cricoid level. The goal was to confirm that the vein was free of thrombus or stenosis. These ultrasound images were stored on the instrument's internal hard drive and on an external hard drive to facilitate subsequent comparisons.
To begin the procedure, the anaesthetist induced anaesthesia and used standard aseptic methods to puncture the vein at the plane of the cricoid cartilage (central approach), and completed CVC placement (Two-Lumen Central Venous Catheter with Blue FlexTip; Arrow, Asheboro, NC, USA) using a special central venous catheter attachment base (StatLock Stabilization Device; Bard Medical, Covington, GA, USA) and a transparent biological dressing (Tegaderm; 3M, Minneapolis, MN, USA) to hold the catheter in place (spontaneous catheter dislodgement has been reported to have an incidence rate of $4% and is associated with vigorous coughing and severe vomiting 6 ). We recorded the placement time, number of punctures, and whether the catheter placement went smoothly. After completing the catheter placement, the anaesthetist used an aseptic ultrasound sleeve to wrap the ultrasound probe and performed continuous ultrasound examination of the right internal jugular vein from the puncture to above the clavicle. Ultrasound images were stored to facilitate subsequent examinations.
After surgery and while the patient was in the post-anaesthesia care unit, staff members used an aseptic ultrasound sleeve to wrap the ultrasound probe and performed continuous ultrasound examination of the right internal jugular vein from the puncture to above the clavicle and stored the ultrasound images. Daily bedside Doppler ultrasound examinations were used to monitor the patient and to check whether a thrombus had formed in the right internal jugular vein. If no thrombus was detected, the observation was recorded and daily observations were continued until the day after the catheter was removed. If a follow-up ultrasound examination identified a thrombus in the right internal jugular vein, the ultrasound images were charted and the locations were observed and recorded. If the diameter of the thrombus was >4 mm, the catheter was removed and additional ultrasound examinations were Editor's key points
• Central venous catheters are frequently used for monitoring haemodynamic status and rapidly delivering fluid therapy during the peri-and postoperative periods, but may cause thrombosis.
• In 18/24 (75%) patients, thrombosis was seen postoperatively in the right internal jugular vein, and a longer duration of anaesthesia, greater amounts of bleeding, and the use of postoperative ventilator support were risk factors. 
Statistical analysis
Normally distributed continuous variables are presented as mean 6 standard deviation (SD) and those with skewed data distributions are expressed as median [interquartile range (IQR), a range between the 25th and 75th percentiles). Categorical variables are presented as number (%). To compare differences between two groups of patients, we used the independent t-test, the Mann-Whitney U-test, and Fisher's exact test for continuous variables with and without normal distributions and for categorical variables, respectively. To identify the factors associated with the occurrence of thrombus, a univariate Cox proportional hazards analysis was carried out. Multivariable analysis was not applied because of the limited sample size in this study. Follow-up time (or the time to thrombosis occurrence) was calculated from the date of the operation to the date of thrombosis occurrence for patients with right internal jugular vein thrombosis or to the date of last follow-up (1 day after the day when the CVC was removed). A two-sided P-value <0.05 was considered to be statistically significant. Statistical analyses were carried out using SPSS (version 21.0; IBM, Armonk, NY, USA). Table 1 summarizes the patients' characteristics. No thrombosis was found in patients before surgery, but it was found in 75% (18/24) of patients after surgery. Except for the shorter follow-up time in the thrombus group vs the non-thrombus group (2 days vs 4 days, respectively; P¼0.025), the two groups of patients were comparable in terms of age, body mass index, sex distribution, comorbidities, vein diameter, and biochemical indices. Also, the operative duration, anaesthesia duration, bleeding amount, and patient-controlled epidural analgesia use in the two groups were similar. After the operation, the catheter remained indwelling in patients' veins for 98 h (SD 37) on average. In patients who experienced thrombosis, 11% (SD 6) of the vein's capacity was blocked by the thrombosis, and a large thrombosis (i.e. >4 mm) was found in nine patients (50%). The thrombosis was most commonly found at the puncture site. In one patient, the vein where the catheter was placed was almost completely filled with thromboses.
Results
The Kaplan-Meier curve of thrombosis development is shown in Fig. 1 . The median time to thrombosis development was 2 days after catheter placement. The last case was confirmed at day 7. Table 2 summarizes the factors associated with thrombosis occurrence. The risk of thrombus increased with a longer duration of anaesthesia [hazard ratio (HR) 1.38 (95% CI 1.05-1.83), P¼0.023] and a greater extent of bleeding [HR 1.01 (95% CI 1.00-1.02), P¼0.011]. Postoperative ventilator use was also associated with an increased risk of thrombosis, specifically a 7.85-times higher risk (95% CI 1.03-60.14; P¼0.047) among patients who required a ventilator compared with those who did not require a ventilator. Relative to patients who did not use a ventilator, the HR for thrombus in patients using the machine for at least 3 h was 8.28 (95% CI 1.02-67.03; P¼0.048). In addition, among patients with adenocarcinoma, those at stage II or greater had a higher risk of thrombosis than those at stage I [HR 7.46 (95% CI 1.25-44.60), P¼0.028]. We hoped also in this study to identify the factors associated with large-size right internal jugular vein thrombosis, but no significant findings were revealed (Table 3) .
We performed an ultrasound examination immediately after placement of the CVC and found no thrombus (Fig. 2) . Figure 3 shows data regarding one of the general cases with thrombus 2 days after surgery. Figure 4 demonstrates one of the cases with prolonged postoperative ventilator use. The operative time was 8 h 35 min. The patient had a large thrombus (Fig. 4B-E ) and the catheter was removed on postoperative day 1. After removal of the catheter, an ultrasound examination was performed immediately ( Fig. 4F-I ). Then we checked the thrombosis status on postoperative day 2 and found the size and location of the thrombus were not changed. No dislodgement of the thrombus was noted (Fig. 4J-M) .
Discussion
This study demonstrated that the risks for thrombosis include a longer duration of anaesthesia, greater amounts of bleeding, and the use of postoperative ventilator support. Previous studies have considered patient risks associated with the use of a CVC, but to our knowledge this is the first study that assesses perioperative risk factors for thrombosis associated with the placement of a CVC and accordingly recommends increased patient monitoring via ultrasound examinations because of links between thrombosis risks and the use of a CVC. Some small amount of thrombosis is typically found in association with catheter use, but the finding of a small clot thrombosis alone does not warrant catheter removal or systemic anticoagulation; however, studies have also shown that thrombosis can occur early after surgery and is directly associated with events that occur during surgery. [7] [8] [9] Some earlier studies focused on the risks associated with the use of a CVC in cancer patients. For example, in a group of 68 cancer patients who received a CVC implant for a median of 9 days (range 1-24), 45 (66%) experienced venous thrombosis. 10 Also in cancer patients, the overall failure rate for peripheral CVC placements was elevated in patients who had previously experienced DVT, received chemotherapy, or were treated with a catheter !5 Fr. [11] [12] [13] Peripheral CVC placements are associated with thromboses and lower-extremity DVT, 14 and other risk factors include trauma, renal failure, left-side catheter placement, basilic vein placement, the use of total parenteral nutrition, and infusion with antibiotics (particularly vancomycin). 15 In a neurological ICU, peripheral CVC placement and male sex were associated with thrombosis, but catheter size and location were not. 16 In cancer patients who received peripheral CVC placement, about half developed a thrombosis, and roughly half (54%) of these were asymptomatic. 16 Despite the use of ultrasound or fluoroscopic guidance during catheter placement, Between-study comparisons are challenging because of the diversity of patients and variations in the researchers' objectives. Identification of at-risk patients, stratification by levels of risk, variables evaluated, and patient care plans varied considerably among studies. However, the studies just considered differed from our study in terms of the intensity of peri-and postoperative patient monitoring to detect thrombus formation.
Our small case series may not be representative of the broad range of patients who receive thoracic anaesthesia and surgery (see, e.g., Ullman et al. 18 ); rather, our findings are representative of patients in our hospital. A larger study will be required to assess the generalizability of our findings. Additional limitations of this study include the lack of longer-term follow-up of postsurgical CT or other imaging of the chest (although this is considered in ongoing studies), the relative lack of postoperative anticoagulation management (not used in this study but under investigation in ongoing studies), and the small number of patients in the study. Another open question regards the relationship, if any, between thrombosis size and the duration of ventilation; this, too, is of interest in continuing studies. A related question regards the relationship between endothelial injury due to puncture and CVC placement and thrombus formation and characteristics. Our study also did not address thrombosis following specific types of cancer (e.g. stomach cancer), the relationship between complex surgeries and thrombus formation, or postoperative management strategies (other than Doppler ultrasound imaging) that may mitigate thrombus formation or detect thrombosis more rapidly. Nor-because of our small sample size-did this study attempt to establish the sensitivity and predictive value of the measurement tool. The sample size precluded multivariate analysis, so these topics can perhaps be examined in subsequent and larger studies. This study does make the case for increased use of Doppler ultrasound monitoring during and after CVC placement. Routine use of such imaging should be part of future large-scale and longer-term studies that investigate peri-and postsurgical thrombus formation and surveillance.
Conclusions
The results of our study suggest that earlier extubation and decreased mechanical ventilation time may reduce the risk of catheter-related thrombosis and avoid possibly fatal complications. In addition, our study supports the increased use of ultrasound monitoring for early detection of thromboses in patients who receive a CVC and wider inclusion of ultrasound monitoring in treatment plans for these patients. 
